Phonopboresis is the therapeutic application of ultrasound with a topical drug, most commonly a corticosteroid. ' The drug is placed on the skin in the form of a gel, cream, ointment, or liquid and serves as the ultrasound transmission medium. This procedure is intended to enhance transdermal penetration of the drug while providing the therapeutic effects of ultrasound.'s2 For ultrasound to have the.se effects, it must be transmitted through the medium to the skin. dependent on the physical properties of these materials. Thus, careful selection of the preparations used for ultrasound transmission is required. Some commercially prepared gels, water, mineral oil, and glycerin are effective coupling agents for ultrasound.3-5 However, although phonophoresis is a widely used physical therapy p r~c e d u r e ,~ the ultrasound transmission by media commonly used for this procedure is not well known.'
Transmission of ultrasound energy
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the phonophoretic enhancement of hydrocortisone penetration to swine muscle and nerve tissue using Pfizer's CortrilB ointment* as the transmission medium.%" They concluded that increasing ultrasound power, application time, and drug concentration all increased hydrocortisone penetration. Although these studies attempt to identify treatment guidelines for phonophoresis, the data analysis and methodology limit the application of these results.
The treatments in the animal studies of Griffin and colleaguess" most effectively increased hydrocortisone penetration but also burned the animals. Such treatments cannot be applied in the clinical setting. Moreover, skin damage alone is known to increase transdermal drug penetration and could explain the findings of these and similar studies.'* Heating may have resulted from the conversion of ultrasound energy to heat in a Physical Therapyllrolume 72, Number 2/Februa1-y 1992poorly transmitting coupling medium.13
A recent study of phonophoresis with rats and guinea pigs showed a fivefold to twentyfold increase in transdermal delivery of D-mannitol, inulin, and physostigmine within 2 hours following ultrasound application.14 Radiolabeled solutions of these chemicals were used as the transmission media for this study, and drug penetration was assessed by measuring the output of these chemicals in the urine.
Human studies of transdermal penetration of an anesthetic15 and a nonsteroidal anti-inflammatory drug16 failed to demonstrate enhanced penetration with ultrasound. The topical anesthetic was in a cream, and the nonsteroidal antiinflammatory was a gel documented to have 87% to 139% ultrasound transmission as compared with water. We believe that with such good transmission, the lack of effect found with the nonsteroidal antiinflammatory must be due to factors other than poor ultrasound transmission. The authors suggest that ultrasound may not affect transderma1 penetration because either the drug used is unsuitable for this method of administration o r the method used was not sensitive enough to distinguish a treatment effect. All of these studies evaluated only the effects of ultrasound on drug penetration. Other studies of phonophoresis [17] [18] [19] [20] have assessed the therapeutic efficacy of this procedure.
Griffin et a117 found that 68% of adult patients with a wide variety of musculoskeletal inflammatory conditions who received hydrocortisone phonophoresis had increased range of motion and decreased pain compared with 28% of those who received ultrasound alone (N=102). They used Cortrilm ointment with either 10% o r 0% hydrocortisone as the ultrasound transmission medium. They did not evaluate the effects of topical application of hydrocortisone alone and thus were unable to compare standard application of this drug with application by phonophoresis.
Kleinkort and WoodlH carried out a retrospective study of 285 patients treated for a variety of common inflammatory conditions and compared the results of treatment using a 1% hydrocortisone preparation and a 10% hydrocortisone preparation. The 1% hydrocortisone medium used was a water-based cream, and the 10% hydrocortisone medium was micronized hydrocortisone powder in petrolatum ointment. They found that, on average, the patients in the 10% hydrocortisone group received two treatments fewer than those in the 1% hydrocortisone group, and thus concluded that 10% hydrocortisone is more effective.
Two published case studies19JO document improvement in temporomandibular joint dysfunction after treatment with phonophoresis. Wing19 used 10% micronized hydrocortisone acetate in petrolatum as the transmission medium, and KahnZO used 0.5% hydrocortisone ointment covered with mineral oil. Both authors reported almost complete resolution of symptoms after 5 to 10 treatments.
In summary, some studies indicate that phonophoresis may be an effective treatment modality. Most investigators, however, fail to consider ultrasound transmission through the media they use as a factor in their studies.
Benson and McElnay7 studied the transmission of ultrasound through topical pharmaceutical products available in Europe; however, they did not evaluate the media commonly used in the United States for phonophoresis. Moreover, neither drug concentration nor media components were sufficiently documented to allow direct comparison with other media. They reported a wide range of results, with gels transmitting ultrasound most effectively and several media not transmitting any ultrasound.
The purposes of this study were (1) to identify transmission media commanly used by physical therapists for phonophoresis, (2) to determine the relative transmission of ultrasound by these media and other corticosteroid preparations, and (3) to identify a group of media that transmit ultrasound well.
Method

Determination of Commonly Used Media
A questionnaire regarding the use of phonophoresis was sent to the directors of 125 physical therapy practices in northern California. Directors of practices using phonophoresis were asked to identify the drugs and types of media they used for this procedure. The types of media were categorized on the survey questionnaire as thick white creams, ointments, gels, mixed media, and other media.
Sixty-two percent (77) of the questionnaires were returned completed. Of the respondents, 77% (59) reported regularly using phonophoresis in patient treatment. Hydrocortisone was the most frequently applied drug, with 81% (48) of the respondents using 10% hydrocortisone and 19% (11) of the respondents using 1% hydrocortisone. Thick white cream (46%) and thick white cream mixed with ultrasound gel (44%) were the most commonly used transmission media. Selection of the media tested for ultrasound transmission in this study was based in part on the responses to this survey.
Analysis of Ultrasound Transmission
The media tested for ultrasound transmission are listed in the Appendix. These include media used by the survey respondents for phonophoresis, media used in prior research on phonophoresis,sll and some potent corticosteroid gels selected by these researchers. Some nonmedicated media used for therapeutic ultrasound application were also tested.
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Flgure 1 . Ohmic UPM-3Opower meter
Ultrasound transmission was determined using an Ohmic UPM-30 ultrasound power metert and a Chattanooga Intelect Model 700 therapeutic ultrasound unit,* as shown in Figure 1 . The power meter uses the radiation force balance method to measure ultrasound p~w e r .~l . *~ It consists of a conical metal target suspended from a precision balance into a rubberlined tank filled with degassed water. The transducer of the therapeutic ultrasound unit is immersed approximately 1 cm below the surface of the water, directly above the conical target, and the ultrasound is turned on. The sound waves exert a force on the target, pushing it deeper into the water and thus deflecting the balance. The balance measures the exerted force, which is directly proportional to the ultrasound energy used for quantthing ultrasound transmission.
reaching the target. The UPM-30 power meter was evaluated by the National Bureau of Standards and the Division of Electronic Products of the Bureau of Radiological Health to be accurate to +6%, with a reproducibility error of +5%.23 The power meter used for this study was calibrated with a l-g standard weight and then used to calibrate the ultrasound unit with degassed water. The ultrasound unit generates 1-MHz frequency ultrasound with power from 0 to 3 w/cm2 and an effective radiating area of 8.5 cm2. It does not shut off power with poor ultrasound transmission.
To assess ultrasound transmission by different media, the transducer of the ultrasound unit was covered with a 5-mm-thick layer of test medium. The medium was contained in a plastic cuff, which had been put around the transducer, and the medium was covered with polyethylene wrap. § Visible air bubbles were removed from the medium with a syringe and needle. To test ultrasound transmission by the l-mm-thick chempad@,ll a single sheet was placed over the transducer head and then covered with polyethylene. The ultrasound transducer, with a layer of test medium, was secured head down 1 cm below the surface of the water in the power meter tank. The transducer head was centered above the conical target. Power was set at 1.5 w/cm2 on the ultrasound unit's power meter for each medium tested, and the reading on the balance was noted after 1 minute. Degassed water was tested first, after every third measurement, and last to verify the consistency of ultrasound output. Ultrasound transmission with just the polyethylene cover was measured to assess its effect on transmission.
Ultrasound transmission relative to water was calculated by dividing gram force exerted through the medium being tested by the average gram force exerted when degassed water alone was used. The transmission by degassed water varied + 2%.
The ultrasound transmission relative to degassed water for each medium tested is displayed in the Table. Transmission was not significantly affected by the polyethylene cover. All media tested, except for the Chempada, produced results in one of two transmission groups: (1) good transmission (ie, transmission greater than 80% of that of water) or (2) poor transmission (ie, transmission less than 40% of that of water). Eighty percent was chosen as the lower cutoff for good transmission because most newer therapeutic ultrasound units automatically shut off power when they detect less than 60% to 80% transmission.
The media that transmitted ultrasound well were corticosteroid gels, a methyl salicylate cream, and media specifically made for use with ultra-- This study identified a wide variety of ultrasound transmission media used by physical therapists for phonophoresis. Most clinicians surveyed reported using 10% o r 1% hydrocortisone in a thick white cream base. However, all thick white conicosteroid creams tested were found to transmit ultrasound poorly, and transmission was not improved by admixture of these media with a gel that transmits well. Ultrasound gel mixed with micronized hydrocortisone acetate powder also yielded a poorly transmitting medium, possibly because of the reflection of ultrasound by drug particles.
Three of the drug-containing media tested-Lidex@ gel,# betamethasone gel, and Thera-Gesic@ creams*-were found to transmit ultrasound well. It is likely that some other topical drug preparations, particularly gels with low drug concentrations, also transmit ultrasound well. Although the ideal ultrasound power for clinical application of phonophoresis is not known, whatever power is used, one must use a medium that transmits effectively to achieve predictable ultrasound transfer. When a poor transmission medium is used, much less ultrasound energy reaches the patient than is shown on the ultrasound unit's power meter. Fortunately, there is a wide selection of media that transmit ultrasound well. These media should be used with the ultrasound power and frequency most appropriate to the pathology being treated.
When applying phonophoresis, it is also important to select the appropriate drug for the pathology. Low-and high-potency corticosteroids, local anesthetics, counterirritants, methyl salicylate, and nonsteroidal antiinflammatory agents are all available
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Physical Therapyllrolume 72, Number 2Pebruary 1992 in topical preparations. The relative clinical potential of these different drug preparations depends on pharmacologic activity, topical potency, and conc.entration. 24 The corticosteroids in Lidex@ and betamethasone gels are highly potent antiinflammatory drugs that may also produce systemic side effects such as endocrine suppression or the manifestations of Cushing's symptom complex when absorbed in large amounts.25 As phonophoresis may increase drug penetration, it also may increase the clinical benefits and the risks of topical drug application.
Not uncc~mmonly, phonophoresis is administered by putting a poorly transmitting medium on the skin and then placing the area to be treated, and the ultrasound transducer, under water. As water is a good transmitter of ultrasound, this procedure prevents the ultrasound unit from shutting off but also effectively keeps the ultrasound from reaching the intended treatment area. Thus, we d o not recommend the application of phonophoresis under water except for areas in which a liquid is needed to keep air from coming between the transducer and an unevenly contoured area of the body. In this circumstance, a medium that transmits ultrasound well should be applied to the skin before the limb and transducer are placed in water.
As many topical drug preparations currently used for phonophoresis transmit ultrasound poorly, we recommend that the clinical physical therapist qualitatively evaluate the ultrasound transmission by any medium using this simple technique. First, form an approximately l-cmdeep well above the face of the transducer of an ultrasound machine by placing wide gummed tape around the transducer, as shown in Figure 2 . Place a layer of the medium to be tested on the transducer surface and fill the remainder of the well with water. Then turn on the ultrasound machine to 1 to 2 w/cm2. If the medium transmits nd transmission by effective transmission ultrasound at all, the water will be agitated, as shown in Figure 3 . If the medium transmits ultrasound poorly, the water remains still, as shown in Figure 2 .
The depth of the medium and the duration of the test used in this study differ from those used clinically. We used a 5-mm thickness of medium, whereas a layer as thin as 0.5 mm may be used clinically. .We d o not believe that changes in the thickness of the layer within this range will change transmission through the medium; changes in thickness within this range will not affect how well the medium couples with water in this experimental model or with the body in the clinical setting. When medium depth is less than the diameter of the sound field, any decrease in transmission will be due to losses across boundaries between materials, rather than to losses within the materials themselves. to the body. Phonophoresis media that transmit ultrasound well are identified in this study. Many commonly used media were found to be poor transmitters of ultrasound. Prior research using such media concluded that ultrasound enhances drug penetration, with improved relief of symptoms. As little ultrasound was generated in this study, the results were probably not due to the specific effect of ultrasound on penetration of topical medication. Both experimental evaluation and clinical use of phonophoresis in the future should include selection of media that are known to transmit ultrasound well. Such considerations would allow studies of transdermal drug penetration, depth of penetration, and clinical efficacy, which will help to identlfy the ultrasound characteristics and drugs most appropriate for different clinical applications. The identification of good phonophoresis media and the description of a quick method for qualitative evaluation of other media in this article will enable clinicians to select appropriate phonophoresis media for their clinical treatment of patients.
